The bacteriocins produced by Lactococcus lactis subsp. lactis C101910 (C101910) and NBRC 12007 (NBRC 12007) were used to prevent the growth of Lactobacillus hilgardii, a hiochi bacterium, at the mizu-koji stage in the sake brewing process. The bacteriocins produced by C101910 and NBRC 12007 were slowly inactivated in the koji extract by proteases, depending on the pH and temperature of the koji extract. However, the activities of bacteriocins from C101910 and NBRC 12007 remained about 50% and 70% of the initial values, respectively, even after incubation at pH 3 and 10 for 12 h. By adding the bacteriocin solutions, prepared according to the method reported previously, from C101910 and NBRC 12007 to koji extract (pH 3 and 10 ) at a volume ratio of 5% (v/v) and 1% (v/v), respectively, the number of viable L. hilgardii cells decreased to below the detection limit (1.0 10 2 cells/ml) from the initial concentration (3.2 10 5 cells/ml) within 12 h. In mizu-koji consisting of rice koji and lactic acid solution at pH 3 and 10 , the growth-inhibitory effect of bacteriocins from C101910 and NBRC 12007 on L. hilgardii decreased as compared with that in koji extract. However, the number of viable L. hilgardii cells decreased by more than two orders of magnitude as compared with the initial value (1.0 10 5 cells/ml) by adding the bacteriocin solution at a volume ratio of 10% (v/v).
Introduction
Spoilage of sake, called hiochi in Japanese, is caused by several Lactobacillus species (hiochi bacteria).
Because hiochi bacteria are alcoholophilic and alcoholtolerant, they can grow in sake with a high concentration of ethanol. The growth of hiochi bacteria seriously deteriorates the quality of sake by lowering the pH, inducing the occurrence of turbidity, and by the production of offflavors [1, 2] . Koji is frequently contaminated with hiochi bacteria. To prevent the growth of hiochi bacteria in the sake making process, lactic acid is initially added to seed mash (moto) and fermentation is carried out at a low temperature [3] . The endogenous acidity and the low temperature are effective in preventing outbreaks of hiochi bacteria, but it is impossible to completely suppress the growth of hiochi bacteria. To avoid the spoilage of sake caused by hiochi bacteria during storage and distribution, pasteurization is carried out at about 65 for a short time (2-3 min) or a microfiltration device is used to remove hiochi bacteria. However, due to incomplete inactivation and insufficient removal of hiochi bacteria, they frequently deteriorate the quality of sake, especially in non-pasteurized (fresh) sake.
In the previous study, by determining the partial 16S rRNA gene sequences of the predominant spoilage bacteria isolated from deteriorated sake using SI medium ( [4] , commercial standard medium for detecting hiochi bacteria, Brewing Society of Japan, Tokyo) with 10% ethanol, it was possible to identify the major species of Lactobacillus that cause hiochi in Niigata Prefecture as Lactobacillus fructivorans, Lactobacillus paracasei, and Lactobacillus hilgardii [5] . To prevent hiochi from occurring in sake brewing, the exploitation of bacteriocins with antimicrobial activity against the strains of Lactobacillus described above was considered [6] . Recently, it was reported that some lactic acid bacteria produce bacteriocin in koji Growth-Inhibition of Lactobacillus hilgardii, a Bacterium Related to Hiochi, in the Mizu-Koji Process by Bacteriocins from Lactic Acid Bacteria extract medium supplemented with rice protein hydrolyzate (RPH), which can be legally used in the sake brewing process [7] , and that the culture supernatant containing the bacteriocin was found to be effective in inhibiting the growth of L. hilgardii in MRS medium [5] .
This study examined the application of bacteriocins in the sake brewing process, and investigated not only the influence of proteases from koji on the antimicrobial activity of bacteriocins but also the stability of growthinhibitor y activity against L. hilgardii in koji extract under different incubation conditions. To apply bacteriocins to the stage for making seed mash (moto) in the sake brewing process, the growth-inhibitory activity of bacteriocins against the hiochi bacterium in mizu-koji was also examined.
Materials and Methods

Microorganisms
Lactococcus lactis subsp. lactis C101910 (C101910), a nisin Z producer, and Lactococcus lactis subsp. lactis NBRC 12007 (NBRC 12007), a nisin A producer, were used as bacteriocin-producing bacteria. C101910 was isolated from lake water by the authors [8] . L. hilgardii The bacterial strains were stored at -80 in 25% glycerol.
Bacteriocin production
Bacteriocin production was carried out in a medium bottle using 10% (v/v) koji extract medium supplemented with RPH. The koji extract solution used as the medium for bacteriocin production and RPH (Shimada Kagaku, Nagaoka) were prepared as described previously [7] . Bacteriocin-producing lactic acid bacteria were cultured statically at 30 for 24 h at an initial turbidity of 0.1-0.2 at 660 nm. The supernatant was prepared by centrifugation (21,000 g for 10 min) of the culture broth obtained after cultivation of bacteriocin-producing lactic acid bacteria and used as a bacteriocin solution as described previously [5] . The activities of the bacteriocin solutions were 3.5 10 3 U/ml for C101910 and 2.8 10 3 U/ml for NBRC 12007. The bacteriocin solutions contained less than 10 g/l lactic acid, 10-14 g/l total sugar, and 3-4 g/l glucose, and the pH of bacteriocin solutions was 4-5.
Determination of antimicrobial activity
The antimicrobial activity of bacteriocin was determined by the agar diffusion method using a stainless cup according to the procedure reported previously [7] . The agar concentration of each medium was adjusted to 1%.
Commercial nisin A (Sigma Chemical Co., St. Louis, USA) was used as a standard. The antimicrobial activity was determined by measuring the diameter of the clear growth-inhibitory zone around the cup. One unit of antimicrobial activity was defined as the amount of bacteriocin showing a growth-inhibitory zone diameter equal to that obtained using 1 ng of pure commercial nisin A standard solution as reported previously [7] . 
Inactivation of bacteriocin in koji extract
Adsorption of bacteriocin and L. hilgardii cells to koji
In the adsorption experiment, both intact koji and koji without enzymatic activities were used. The latter was prepared by heating at 90 for 3 h. The bacteriocin solution was added to mizu-koji at a volume ratio of 1% (v/v) and the mixture was allowed to stand at pH 3 and 10 for 1 h. After the incubation, the residual koji was separated as a precipitate by centrifugation (21,000 g for 10 min), and the resultant supernatant was analyzed for bacteriocin activity by the agar diffusion assay. In the same manner, the degree of adsorption of L. hilgardii cells (initial viable cell number: 1.5-2.0 10 5 cells/ml) to koji was estimated by measuring the viable cells in the supernatant as described below.
Other analytical methods
The activity of acid protease in koji extract was measured by the official method of the National Tax Agency Japan using casein as a substrate [i] . Protein concentration was determined by the method of Lowry et al. [15] using bovine serum albumin as a standard. The number of viable cells was counted by the plate culture method using SI or MRS [16] agar medium containing 20 g/l glucose. When L. hilgardii was inoculated into mizu-koji, to completely recover the cells the suspended sample for measuring the number of viable cells was prepared by thoroughly crushing koji particles in a sterile pouch bag using a wood hammer. The viable cell concentration was expressed as colony forming units per milliliter (CFU/ ml).
Results
Inactivation of bacteriocin in koji extract
It is well known that bacteriocin is a proteinaceous substance that is hydrolyzed by proteases [9] [10] [11] . The conditions at pH 3 and 10 are usually used for preparation of seed mash [14] . When the mixture was incubated at pH 3 and 10 for 12 h, the activities of bacteriocins from C101910 and NBRC 12007 remained about 50% and 70% of the initial values, respectively. Under these conditions, the activities of both bacteriocins were detected at more than 10% of the initial value even after an incubation time of 48 h. 1 The data indicate the number of viable cells at 6 h after the addition of bacteriocin solution from C101910 or NBRC 12007 was added to the koji extract medium under different conditions. The values ( standard deviations) present averages of triplicate determinations. 2 In the control experiment, no bacteriocin was added to the medium. 3 The values in parentheses are the percentages of the control experiment for each condition. 
Growth-inhibitory activity of bacteriocin in koji extract
Growth-inhibitory activity of bacteriocin in mizu-koji
In practical sake brewing processes, koji is mixed with water, and the mixture is allowed to stand at 10-12 for 
Discussion
Many studies have reported that bacteriocins are readily hydrolyzed by several proteases such as trypsin, pancreatin, and -chymotrypsin, under the optimum conditions for each protease [9] [10] [11] [12] . In this study, the stability of bacteriocins produced by C101910 and NBRC 12007 in koji extract was investigated, because rice koji is known to include highly active proteases. Although the activity of acid protease in koji extract was high at pH 3 and 40 , the enzymatic activity was significantly affected by the pH and temperature of the reaction mixture. Under standard conditions for the preparation of mizu-koji, namely pH 3.0 and 10 , the protease activity was depressed to some extent and consequently the residual activities of bacteriocins from C101910 and NBRC 12007 were found to be more than 60% of the initial value after incubation in koji extract for 6 h (Fig. 1) . By adding the bacteriocin solutions to the koji extract at pH 3.0 and 10 , the concentration of viable cells of L. hilgardii decreased as shown in Table 1 . The growth-inhibitory activity significantly depended upon the pH and temperature of the koji extract in a similar manner to the antimicrobial activity of bacteriocins as determined by the agar diffusion assay (Fig. 1) . When the temperature was kept at 10 , the [19, 20] , although the detailed mechanism remains unclear.
As shown in Table 1 , the bacteriocins exhibited a growth-inhibitory effect on L. hilgardii in koji extract at pH 3.0 and 10 , although they were partially inactivated by hydrolysis by proteases from the koji (Fig. 1) . 52 Yohei ISHIYAMA, Takeomi TAKATA, Toshihiro NAKANISHI, Mitsuoki KANEOKE, Ken-ichi WATANABE, Fujitoshi YANAGIDA, Yi-sheng CHEN, Tomoaki KOUYA, Takaaki TANAKA, and Masayuki TANIGUCHI ciency of bacteriocins and the required dosage in foods [12] . For example, Aasen et al. [21] showed that 40-50% of the total antimicrobial activity of nisin A was lost even after 5 h because of endogenous proteases in salmon that had not been heat-treated. The comparison of antimicrobial efficacy of nisin between in the liquid medium and in a model food system with rice was reported by Jamuna et al. [22] . They showed that the growth-inhibitory activity of nisin A against Listeria monocytogenes and
Staphylococcus aureus was lower in a food system than that in liquid medium. Grande et al. [23] 
